Abstract Juvenile idiopathic arthritis (JIA) summarizes a group of inflammatory diseases of childhood. The etiology remains still unclear. In JIA, T cells have been demonstrated to play key roles in the pathogenesis. T-cell proliferation in JIA may be different in the peripheral blood (PB) and the synovial fluid (SF). The aim of this study is to demonstrate the turnover of T cells in the PB and SF of patients with persistent oligoarticular JIA (oJIA) compared to controls. Matched pairs of samples were investigated derived from PB and SF of nine patients with persistent oJIA. The cells from PB and SF were determined by flow cytometry. The majority of the PBMC and IAMC were in phase G0/G1, with fewer than 1% in S phase. In the SF, the percentage of cells in the S phase are higher than in the PB. The percentage of cells in the S phase in SF are equal to the result in the control group. In conclusion, the turnover of synovial T cells in persistent oJIA is higher than in the PB.
Introduction
Juvenile idiopathic arthritis (JIA) summarizes a group of phenotypically heterogeneous chronic inflammatory diseases of childhood involving joints as well as extraarticular tissues. There are seven subtypes of JIA defined according to clinical classification criteria [9, 10] . Genetic factors, especially certain HLA-alleles have been shown to contribute to the susceptibility and have been additionally proposed to be involved in the pathogenesis of JIA [6] . It has been supposed that HLA-alleles might present certain peptides thus shaping an autoreactive T-cell repertoire. The trimolecular complex of the MHC-molecule, the presented peptide, and the T-cell receptor (TCR) is one of the most important molecular interactions in the activation cascade leading to specific immunity [5, 18] . Stimulation with an antigen via the HLA-presenting cell leads to stimulation of T cells carrying a TCR specific for the peptide/HLA combination. These T cells will subsequently proceed to expansion [1, 16] . In JIA, T cells have been demonstrated to play key roles, both for induction and for maintenance of the chronic inflammation [4, 17] . Diminished mechanisms of T-cell homeostasis and premature aging of the immune system may play a role in the pathogenesis and perpetuation of chronic inflammation in JIA [11] [12] [13] . T cells in the peripheral blood (PB) and the synovial fluid (SF) of patients with rheumatoid arthritis (RA) have a higher proportion of actively synthesizing DNA (S phase) cells than the T cells in controls [14] . The aim of this study is to demonstrate the turnover of T cells in the PB and SF of patients with persistent oligoarticular JIA (oJIA) compared to controls.
Patients and methods
Matched pairs of samples were investigated derived from PB and synovial fluid SF of nine patients (3 men, 6 women, mean age 8.6 years) with persistent oJIA with active arthritis ( Table 1 ). Diagnosis of JIA was based on the revised ILAR criteria [9] . Other causes of arthritis as infections or malignancy have been excluded. All patients diagnosed with persistent oJIA were seen at two tertiary care centers and underwent clinical standardized assessment [9] . Joint punctions have been performed for diagnostic and/or therapeutic reasons exclusively. The study was performed according to the declaration of Helsinki 2000 and approved by the local ethics committee, Friedrich-Alexander University Erlangen-Nuremberg. All patients and/or their parents had been given their written informed consent. The controls are from adult normal healthy donors (NHD).
Laboratory analyses included blood cell count and C-reactive protein. All results were in normal range. All patients were treated with non-steroidal anti-inflammatory drugs (NSAID) and/or methotrexate.
Peripheral blood mononuclear cells (PBMC) from peripheral blood (5-10 ml of heparinized blood) and intraarticular mononuclear cells (IAMC) from SF (10 ml anticoagulated with heparin) were prepared according to standard procedures (Lymphoprep, Nycomed Pharma AS, Asker, Norway). SF was filtered through a 100-nm nylon filter and centrifuged. The cell pellet was resuspended in RPMI-1640 medium. Cell-cycle analysis on CD3? T cells was performed by propidium iodide staining. Immunofluorescence was determined by flow cytometry (BeckmanCoulter EPICS Elite ESP Sorter, Canada). Dead cells were excluded by gating on forward/side scatter, and T cells were selected by gating CD3? cells. Results were expressed as the percentage of gated lymphocytes. The t-test for independent variables was used to compare results in PB and SF (SPSS version 15.0; SPSS, Chicago, IL).
Results
The majority of the PBMC and IAMC were in phase G0/ G1, with fewer than 1% in S phase (Fig. 1) . In the SF, the percentage of cells in the S phase are higher than in the PB (in promille) (P \ 0.05) of patients with oJIA and NHD ( Table 2 ). The percentage of cells in the S phase in SF are equal to the result in the control group. The percentage of cells in the G2 phase are higher in the PB of patients with persistent oJIA than in NHD (P[\ 0.0936).
Discussion
This is the first study investigating the cell-cycle analysis of T cells in the PB and SF of patients with persistent oJIA. The turnover of T cells in the SF is higher than in the PB of patients with oJIA (P \ 0.05) and similar to the turnover of T cells in NHD. Therefore, a local proliferation in the SF may be considered. Other results were contradictory: T-cell proliferation was no greater in SF than in PB [2, 3] . Regarding the observation of expression of activation markers, the findings suggest that SF T cells in JIA are activated without proliferation [3] . In RA, the PB and SF have a higher proportion of S-phase cells compared to controls [8, 14] . However, regarding our own results, it may be possible that small numbers of SF T cells are driving an intraarticular inflammatory process due to an expansion of antigen-specific T cells within the joint [15] . The proliferation in the PB in oJIA is reduced. Medical treatment may decrease the percentage of S-phase cells [7] . In conclusion, the turnover of synovial T cells in persistent oJIA is higher than in PB. Considering the small number of patients, further studies are necessary to correlate cell-cycle analysis with T-cell activation markers. Most of the T cells are in G0/G1 phase. In the SF, the percentage of cells in the S phase are higher than in the PB (in promille) (P \ 0.05). The two numbers in bold mark the most relevant results
